Equilibrium and dynamic bilayer structural properties of unsaturated acyl chain phosphatidylcholine-cholesterol-rhodopsin recombinant vesicles and rod outer segment disk membranes as determined from higher order analysis of fluorescence anisotropy decay.
Limited-frequency phase-modulation fluorometry of diphenylhexatriene (DPH) and trimethylammonium-diphenylhexatriene (TMA-DPH) was used to characterize the equilibrium and dynamic lipid structural properties of (1) reconstituted egg phosphatidylcholine (egg PC)-rhodopsin vesicles varying in rhodopsin content from 0 to approximately 1 mol %, (2) reconstituted PC-cholesterol-rhodopsin vesicles containing approximately 1 mol % rhodopsin and 0, approximately 15, or approximately 30 mol % cholesterol with egg PC, DOPC (di-18:1-PC), or PAPC (16:0,20:4-PC) as the phospholipid constituent, and (3) native bovine rod outer segment disk membranes. Experiments were conducted at 37, 25, 15, and 5 degrees C. Fluorescence lifetime analysis was performed by fitting the data to a constrained, discrete, biexponential model. Rotational depolarization properties were considered by a model requiring a single rotational diffusion coefficient and capable of producing orthogonal, bimodal orientational distributions for DPH and unimodal distributions for TMA-DPH [Straume, M., & Litman, B. J. (1987) Biochemistry 26, 5113-5120]. Unbleached rhodopsin reduced mean fluorophore lifetimes in proportion to the amount of protein present in PC vesicles as a result of probe-to-retinal energy transfer by (1) redistributing the relative lifetime contributions in favor of the short lifetime population and (2) reducing the lifetimes of each derived population. Lifetimes were increased by cholesterol and by reduction of the temperature, but the relative proportions of derived short- and long-lifetime populations were not affected. TMA-DPH lifetimes were more sensitive (in a relative manner) than were those of DPH. These observations are interpreted in terms of cholesterol and reduced temperature each inhibiting water penetrability into these bilayers, with a greater effect occurring in the headgroup and interfacial regions (probed by TMA-DPH) than in the hydrophobic bilayer interior (probed by DPH). Diunsaturated DOPC-rhodopsin recombinants were more resistant to temperature-dependent lifetime changes than were mixed-chain egg PC or PAPC vesicles. This suggests less favorable interaction of rhodopsin with diunsaturated PCs than with mixed-chain PCs. Lifetimes in disk membranes exhibited this same temperature dependence although DPH in disks had lifetimes longer than those seen in recombinant vesicles. TMA-DPH lifetimes in disks were more similar to those observed in cholesterol-containing recombinants. It would therefore appear that the large proportion of small, charged (at pH 7) phosphatidylethanolamine and phosphatidylserine headgroups present in disks reduces water penetrability into the d